

# 



October 20, 2004 



DECLARATION 



The undersigned, Jan McLin Clayberg, having an office at 
5316 Little Falls Road, Arlington, VA 22207-1522, hereby states 
that she is well acquainted with both the English and German 
languages and that the attached is a true translation to the best 
of her knowledge and ability of international patent application 
PCT/DE 03/04072 of HABELE, M. , et al., entitled "BRAKING DEVICE 
FOR AN ELECTRIC MOTOR". 

The undersigned further declares that the above statement 
is true; and further, that this statement was made with the 
knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or 
document or any patent resulting therefrom. 
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BRAKING DEVICE FOR AN ELECTRIC MOTOR 
5 Prior Art 

The invention is based on a braking device for an 
electric motor as generically defined by the preamble to 
claim 1 . 

10 ' 

From German Patent Disclosure DE 198 60 396 Al, a 
braking device for a direct current series wound motor is 
known that makes it possible to brake the rotor of the direct 
current series wound motor upon shutoff . To that end, the 

15 known braking device has a rockerlike brake element with a 
brake arm and a disengagement arm; the rocker like brake 
element is pivotable between a braking position and an 
operating position. A brake shoe is secured to the brake 
arm, and the brake arm with the brake shoe is prestressed in 

20 the direction of the rotor by a compression spring and brakes 
the rotor in the braking position. 

The disengagement arm of the rockerlike brake element, 
conversely, has the task of lifting the brake arm and the 

2 5 brake shoe from the rotor in operation so that the rotor can 

rotate freely. To that end, the disengagement arm and a yoke 
part of the stator form an air gap, so that when current is 
supplied to the stator winding, the disengagement arm is 
pulled against the yoke part, lifting the brake shoe from the 

3 0 rotor. 

In the known braking device, the brake arm with the 
brake shoe is disposed on the rockerlike brake element on the 
leading end relative to the direction of rotation of the 
3 5 rotor, while the disengagement arm is conversely disposed on 
the brake element on the trailing end. This arrangement of 



the brake shoe on the leading end offers the advantage that 
the braking force acting on the brake shoe exerts a torque on 
the brake element, as a result of which the contact pressure 
generated by the spring is reinforced. 

5 

Advantages of the Invention 

By comparison, the invention contemplates a braking 
device in which the brake shoe is disposed on the brake 
10 element on the trailing end relative to the direction of 
rotation of the rotor. 

The invention proceeds from the recognition that the 
magnetic flux density in the yoke of the stator is greater on 
the leading end than on the trailing end, so that the 
disposition of the brake shoe on the leading end as described 
above leads to a greater reduction in power than the 
disposition of the brake shoe on the trailing end in 
accordance with the invention. 

The term "brake shoe" as used within the scope of the 
invention should be understood in a general sense and 
includes not only separate brake shoes that are secured to 
the brake element but also brake shoes formed integrally onto 
the brake element. 

In a preferred exemplary embodiment of the invention, 
the brake element has a brake arm on the trailing end and a 
disengagement arm on the leading end, and the brake shoe is 
30 mounted on the brake arm on the trailing end. 

Preferably, the stator of the electric motor has a yoke 
part on the leading end, of a magnetically conductive 
material, and a stator winding; the brake element is 
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preferably also magnetically conductive and, together with 
the yoke of the stator on the leading end, it forms a motor 
air gap from the rotor of the electric motor, which in the 
braking position has an essentially constant gap width on the 
5 leading end. Thus the brake element serves to guide the 

magnetic flux generated by the stator winding and is adapted 
to the motor air gap, so that the magnetic flux through the 
brake element is virtually unhindered. Thus in the braking 
position of the brake element, the yoke part of the stator 
10 disposed on the leading end merges as much as possible 
without graduations and in a flowing fashion with the 
disengagement arm of the brake element. 

Between the yoke part of the stator on the leading end 
15 and the disengagement arm of the brake element, there is 
preferably an air gap, and a constriction that forms a 
magnetic resistor in the yoke part on the leading end is 
located in the yoke part on the leading end between the 
stator winding and the air gap for the disengagement arm of 
20 the brake element. Upon starting of the electric motor, the 
material in this constriction, also called a "bottleneck 11 , 
enters into saturation, so that the rockerlike brake element 
is tightened with maximum force; as a result, the brake 
lining is lifted from the rotor, so that the rotor can rotate 
25 freely. 

In a preferred exemplary embodiment of the invention, 
the brake element comprises a plurality of lamination 
packets, which each comprise a plurality of electrical 
3 0 laminations and are disposed side by side. This laminated 

form of the brake element, compared to a solid version of the 
brake element, reduces eddy current losses in the brake 
element. Moreover, dividing the brake element up into a 
plurality of lamination packets enables very dimensionally 
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accurate production of the brake element, even if production 
tolerances are relatively great. A commercially available 
electrical lamination has a tolerance of 4% of the lamination 
thickness, for instance. For a lamination packet with a 
5 rated thickness of 6 0 mm, for instance, this means a maximum 
dimensional deviation of 2.4 mm. To compensate for this 
dimensional deviation, the number of electrical laminations 
in the individual lamination packets is varied. If one 
lamination packet is oversized, for instance, then the 
10 adjacent lamination packet can be made undersized, by 

including one less electrical lamination in this lamination 
packet . 



Preferably, the brake element is pivotably supported by 
15 a bearing pin, and the bearing pin is supported in a fixed 
bearing point by a positive -engagement connection secure 
against relative rotation. 



Upon a pivoting motion of the brake element, 
2 0 accordingly only a relative motion between the brake element 
and the bearing pin occurs, while conversely the bearing pin 
is fixed relative to its bearing point. This is advantageous 
since the area of contact between the bearing pin and the 
bearing point is substantially smaller than the area of 
25 contact between the bearing pin and the brake element, and 
therefore would wear more quickly upon a relative motion. 
Thus the fixation of the bearing pin relative to its bearing 
point improves the mechanical durability of the bearing and 
hence lengthens the service life of the braking device. 

30 

The connection of the bearing pin to the bearing point 
by positive engagement in a manner secure against relative 
rotation can be made for instance by flattening the bearing 
pin on its face ends, to prevent torsion. 
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Moreover, in a variant of the invention, it is provided 
that the braking force normally generated by a spring is 
additionally reinforced by or replaced with a suitable design 
5 of the braking device. To that end, in the braking position, 
the brake element rests on the trailing end on a fixed stop 
face, and the stop face has a predetermined angle of 
inclination relative to the radial direction of the rotor, so 
as to attain a self -clamping of the brake element. The 
10 braking force acting on the brake shoe and oriented at a 
tangent to the jacket face of the rotor causes the brake 
element to be pulled along the stop face in the direction of 
the rotor, and as a result the brake shoe is pressed more 
strongly against the rotor. 

15 

The angle of inclination of the stop face relative to 
the radial direction is preferably in the range between 2 0\ 
and 70\, but arbitrary values between these are also 
possible. Moreover, the brake element is preferably 
20 prestressed by a compression spring in the direction of the 
braking position, in order to press the brake shoe against 
the rotor; a guide spur for the compression spring that 
protrudes into the compression spring is disposed on the 
brake element . 

25 

The invention is not limited, however, to the braking 
device described above but instead also includes an electric 
motor with a braking device of this kind. 

3 0 The invention furthermore relates to a machine tool 

with an electric motor of this kind, and examples that can be 
named are power drills, power circular saws, and power 
grinders . 
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Drawings 



Further advantages will become apparent from the 
ensuing description of the drawings. In the drawings, 
5 exemplary embodiments of the invention are shown. The 
drawings, specification, and claims include numerous 
characteristics in combination. One skilled in the art will 
expediently consider the characteristics individually as well 
and put them together to make useful further combinations. 

10 

Shown are : 

Fig. 1, a cross-sectional view of part of a direct 
current series wound motor, with a braking device of the 
15 invention; 

Fig. 2, a longitudinal section of the direct current 
series wound motor of Fig. 1; 

20 Fig. 3, a perspective view of a stator of the direct 

current series wound motor of Figs. 1 and 2; 

Fig. 4, a perspective view of a bearing pin of the 
braking device of Fig. 1; 

25 

Fig. 5, a perspective view of a brake element of the 
braking device of Fig. 1; and 

Fig. 6, a schematic sectional view of an alternative 
3 0 exemplary embodiment of a braking device of the invention. 

The cross-sectional view in Fig. 1 shows a rotor 10 of 
an electric motor; the rotor 10 is rotatable 
counterclockwise, about an axis of rotation extending 
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perpendicular to the drawing, and has a plurality of rotor 
windings 12 . 

The drawing also shows both a yoke part 14 on the 
5 leading end and a yoke part 16 on the trailing end that are 
part of a stator of the electric motor; both yoke parts 14, 
16 comprise a magnetically conductive material and guide the 
magnetic flux that is generated by a stator winding 18. 

10 A rockerlike brake element 20 is also shown, which is 

pivotably supported about the bearing pin 22; the rockerlike 
brake element 2 0 has both a disengagement arm 24 disposed on 
the leading end and a brake arm 26 disposed on the trailing 
end. 

15 

The brake arm 26 of the rockerlike brake element 20 is 
prestressed in the direction of the rotor 10 by a compression 
spring 28, and the compression spring 28 is braced in a 
suitable pocket in the yoke part 16. A brake lining is 
20 mounted on the side of the brake arm 26 toward the rotor 10; 
in the braking position shown in Fig. 1, this brake lining 
rests on the jacket face of the rotor 10 and as a result 
brakes it. 

25 The disengagement arm 24 of the rockerlike brake 

element 20 conversely has the task of lifting the brake arm 
26 along with a brake shoe 3 0 from the rotor 10 so that the 
rotor can rotate freely. To that end, there is an air gap 32 
between the disengagement arm 24 and' the yoke part 14 of the 

3 0 stator on the leading end, so that the disengagement arm 24 
is attracted onto the yoke part 14 when current is supplied 
to the stator winding 18, whereupon the rockerlike brake 
element 20 rotates clockwise, and the brake shoe 3 0 is lifted 
from the rotor 10. 



-7- 



In the yoke part 14 on the leading end, there is a 
constriction 34 between the stator winding 18 and the air gap 
32; it forms a magnetic resistor and enters into saturation 
5 upon starting of the electric motor, so that the 

disengagement arm 24 of the rockerlike brake element 20 is 
tightened with maximum force upon starting of the electric 
motor. 

10 Moreover, the disengagement arm 24 of the rockerlike 

brake element 20 is surrounded by a short-circuit ring 36, 
which in the operating position of the brake element 2 0 
suppresses mechanical vibration. 

15 It should also be noted that the brake element 20, on 

its leading end in the operating position, conforms on the 
inside to the contour of the rotor 10, so that between the 
yoke part 14 on the leading end and the brake element 2 0 on 
one side and the rotor 10 on the other, there is a constant 

20 motor air gap. In the operating position, the brake element 
20 therefore hardly impedes the greater magnetic flux from 
the yoke part 14 on the leading end via the disengagement arm 
24 into the rotor 10, so that the power of the electric motor 
is reduced hardly at all by the braking device. 

25 

It can also be seen from Figs. 2 and 3 that the yoke 
part 16 of the stator on the trailing end is composed of a 
plurality of lamination packets of different cross sections, 
TP4-TP8, while the yoke part 14 on the leading end comprises 
30 a single lamination packet, TP2 . Moreover, laterally there 
is one further lamination packet each, TP1 and TP3, and all 
the lamination packets TP1-TP8 comprise electrical 
laminations with a lamination thickness of 0.5 mm each. 
Dividing up the yoke part 16 on the trailing end into a 
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plurality of lamination packets TP4-TP8 offers the advantage 
that at relatively little effort or expense, length 
tolerances can be adhered to. 

The bearing pin 22 shown in Fig. 2 passes through the 
brake element 20 and is suspended laterally from suitable 
bearing points in the lamination packets TP1 and TP3 . The 
connection of the bearing pin 22 to the bearing points is 
effected by positive engagement and in a manner secure 
against relative rotation, so that the bearing pin 22 cannot 
rotate relative to the bearing points in the lamination 
packets TP1 and TP3 . This is advantageous, since the contact 
area at these bearing points is relatively small, which would 
lead to relatively great mechanical wear upon a relative 
motion. To this end, the bearing pin 22 has flat faces 38, 
40 on both sides of its face ends, and these flat faces 
prevent torsion of the bearing pin 22. 

During production or upon insertion of the coil, a 

2 0 spacer 42 is also disposed between the ends of the bearing 

pin 22 and the stator winding 18; it assures the minimal air 
•distance between the field iron and the coil. 

Fig. 5 also shows the brake element 20 of the braking 
25 device of Fig. 1; two guide spurs 48, 50 are mounted on the 
brake arm 26 here; they protrude into the compression spring 
28 and a further compression spring mounted next to it, 
respectively, and thereby stabilize them. 

3 0 Fig. 6, finally, shows an alternative exemplary 

embodiment of a braking device of the invention, which 
largely matches the exemplary embodiment described above, so 
that to avoid repetition, reference is made hereinafter to 
the above description, and for corresponding components the 
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same reference numerals are used, with a prime to distinguish 
them. 

A special feature of this braking device is that the 

5 yoke part 16' on the trailing end has a stop face 46' , on 

which the brake element 20' rests on the trailing end. This 
stop face 46 1 is embodied as a radius, whose origin is 

located at the pivot point of the brake element . The 

reaction force FA is always operative through the pivot point 
10 and thus generates no servo force. 

In braking operation, accordingly, because of the 
braking force F B acting on the brake shoe 3 0', a contact 
pressure F A as well as a plane-parallel servo force F s , which 
15 presses the brake arm 26' and the brake shoe 30' against the 
rotor 10 1 , arise at the stop face 46'. 

Also shown in Fig. 5 is a magnetic force F M , which when 
current is supplied to the stator winding acts on the 
20 disengagement arm 24' of the brake element 20' and rotates it 
clockwise out of the braking position shown in Fig. 5 into 
the operating position. 

The invention is not limited to the preferred exemplary 
25 embodiments described above. Instead, many variants and 
modifications are possible that likewise make use of the 
concept of the invention and are therefore covered by its 
patent scope. 
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List of Reference Numerals 





10, 10' 


5 


12 




14, 14' 




16, 16' 




18 




20, 20' 


10 


22, 22' 




24, 24' 




26, 26' 




28, 28' 




30, 30' 


15 


32, 32' 




34 




-JO, JU 




38 




40 


20 


42 




46, 46' 




48 




50 




TP1-TP8 



Rotor 

Rotor winding 
Yoke part 
Yoke part 
Stator winding 
Brake element 
Bearing pin 
Disengagement arm 
Brake arm 
Compression spring 
Brake shoe 
Air gap 
Constriction 
Short-circuit ring 
Flat face 
Flat face 
Spacer 
Stop face 
Guide spur 
Guide spur 
Lamination packet 
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